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DECOY  LAUECIIER  B/iLL'ISTIC  CALCUIj\TIOilS 


IIITRODUCTIOl! 


e  .’«ivar.c.ed  Resoaroh  ?rooec;t.s  /tGency  (AiVeh)  is  conducting  a  re- 


Task 
stigate 

methods  for  packagir^g  a:;d  g  s-.oh  objects,  -rjicr  the  admin¬ 

istrative  guidance  oY  -.be  .Army  Ballistic  ’d.T3ile’ Agency  (/iBM'O. 

This  documen-.  r scores  prrii:..i-;..r:/  iirdlisiic  vprk  do.ae  by  Frankford 
/irsenai  o”.  this  pmoje:*.. 


The  major  objecti 
decoys  were  eject-=i  ir: 
felt  by  the  missile, 
the  ."issilc--  bun  r.o  pe 
tion,  wsighn,  ard  Itian 


•  Vf.  vas  to  achieve  a  decoy  launching  where  the 
■  a  maccer  such  that  no  reactive  force  would  be 
The  Icutchl.'.g  system  was  to  be  contained  within 
cMc'lLar' missile  was  specii'ied.  The  configura- 
.::hing  velocity  of  the  decoys  were  not  specified. 


To  avoid  a  reactive  force,  tiie  Arsenal  investigation  considered 
the  possibility  of  ejecting  two  decoys  simulta-neously,  in  diametrically 
opposite  direct.Lons.  The  decoys  were  assu:r.ed  to  v;eigh  between  5  and 
100  pounds,  and  their  ejectio:.  velocities  were  to  be  in  the  range  of 
5  to  400  feet  per  second.  Tnis  stv..ty  consisted  of  t-tree  parts: 


(l )  Standard 
for  Air  Force  perso'U.el 
ballistic  jocalysis  was  m 
decoy  Iruincher  systems. 


cartridge-act'.tcted  devices,  developed  by  F.A 
escape  systems,  were  reviewed,  and  a  short 
!2d.6  of  those  having  potential  application  in 


(?-)  .  Tentative  a.d  ba 

lished  for  Davis  gu_  type  l2.’cr.c:'.ers  (r; 
functioriai  relationships  of  t':e  d'-sig  . 
determined  for  tv^o  basic  of  desi/ 


•iistic  parameters  were  estab- 
ract.lonless  launchers).  The 
e..d  ballistic  parameters  were 

:n5. 


to  show 
meters. 


(3)  A 

the  func 


specif 

ional 


i  f  res/jtiocleas  launcher  system  was  analyzed 
relationships  of  the  design  0.nd  ballistic  para- 


(JO 


General 


Standeerd  cartridge-actuated  devices  (OAi')  were  surveyed  and  the 
results  indicated,  tha.t  10  C.AD  may  g.ive  the  desired  velocities  (5  to 
400  ft/sec)  to  the  loads  selected  (5  to  100  .lb).  Table  I  lists  these 


i 


2 


CAD  LAUUCiERS 


10  devices  aiid  their  standard  perforniaace  data  at  70°  F  and  sea  level 
pressure.  Standard  perforaance  data  were  obtained  fro:n  the  CAD  engi¬ 
neering  :canu*5.1  for  loc^.s,  velocities,  and  angles  of  launch.  A  nre- 
liainni’y  •jn.'.i.ysls  w»3  :!:3ae  ~o  esti^nane  t^helr  performance  when  used  in 
decoy  iaanching  sy5i.e:;;8. 


Oatapul-cs  ar.d  re^sovcrs 

Belli  i.-t.ia  e:‘:icie“.:y  is  defined  as  the  ratio  of  the  kinetic  energy 
aelivtevu  to  i..;e  propellant  potenticl  energy.  It  was  assa-r.ed  for  this 
pieliainary  a.alysis  tnst  the  hcillistic  efficiency  oi  a  standard  cata¬ 
pult  or  remover  is  oor.statt  for  the  satire  rcc-.ge  of  weights  ejected. 
-niS  assu;r.ntion  is  no:  experimentally  precise,  since  the  ballistic 
e.iiciency  of  a  uartridge-cntuetec  device  increases  as  the  pronelled 
•..'eignt  increases.  Jovf-ver,  the  aseueption  is  considered  reasonable, 
since  tne  statcirc  dat/i  are  for  loads  not  too  for  removed  from  the 
range  imdor  oorisideration. 


iStle  1.  Pnysical  Cnaractsrist-cs  and  ferforr.ance  Data 
'•or  Stardari  Cartridge  Actuated  Devices 


erformance  Data 


r\_  _  .  -  I  I  II  IN 
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Table  I.  Fai-sical  Chrcacterisvics  arid  Perfcraance  Data 
for  Standard  Cartridsc-  Antunted  Devices  (Continued) 


Device  * 
and 
;'odel 

Ba 

Pf/TfOT*'* 

ance  Data 

BieiKci-er 

(i'-. ' 

Lei-.gth 
lit. ) 

::C'isr.t 
ill  ; 

Propelled 
Stroke  'deight 
’’ia. )  '’lb) 

Velocity 
{ft  ./see) 

Stroke 

Tir;e 

(sec) 

::5 

1./5 

12.8; 

3.-  6-00 

II;  A 

0.071 

IPOO 

iifi 

0.107 

ItOT 

:ui 

O.lLC 

!.6 

1 

l.O" 

11.?? 

4  « 

i.i 

0.8 

0.025 

^  dins  one  s.hcrdr  pi 

at  -00  lb. 

i'io~  Anpllcabi*. 


ihc  .T.ea.'iar.iccl  ur.-:';.;;  deliver zd  cy  a  et.ar.dara  catapult  or  rcxovor 
also  was  assit.;ed  to  c*:  eq.ui velar. t  no  the  (•.inetic  enorg;/  given  to  the 
lo^  plus  the  poto.T.i  il  eriurgy  ohir  .lovji  acquired  .rror.  coins  projected 
vertically.  (Catapult  c...i  recover  perlcrrtrx'.ce  data  are  obtained  "’•o"’ 
vertical  ilrings.  ■ 


'.•.’ith  the  abev*; 
to  calculate  the  ver 
weight : 

7  = 


assutptiozs.  the  roiiowit-s 
•deal  e.jec'.iot  v-locity  'or 


:or:.7wla  could  be  used 
a  particular  decoy 


where : 


i. 


For  oxatple^  the  TiL  re.novtr_,  ulta  - 
load  at  i'eet/secor  d;  tcerti'ore, 
kinetic  energy.  Tne  e.-tiicated  upwsr:2 
60-lb  dec 02/  is: 


i;-izcr.  stror.e,  ejects  a  300-pound 
r'rjplies  31''0  i'oot-pounds  of 
verticel  velocity  in-parted  to  a 


2(32. 


131 5C 


17(X)  - 


1-9/12] 


bO 


6l.b  ft/sec 


Similar  calcul aticr../; 
listed  in  Table  J .  'Tx.a  d 
vs  velocity-  in  Pi.rpjn-e  .1.. 


v/ere  ma/ie  _or  -..be  .ttne;-:'  catapults  and  removers 
tr.'.is  obt.ained  are  plotted  as  propelled  v/eight 
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Thrusters 


ihrust-tro-el  carves  of  thrusters  for  various  loads  are  shown  in 
tne  Carvridse  Devices  S-Giaeerias  .v.xoual,  Frankford  Arsenal 

These  curves  were  to  obt-sln  the  r.echarical  energy  in  foot* 

cncpgy-vs—loG/i  i^ot  T^Y^ic-c.v'e  ” 

were  extranolated  (tic* -..id  n-r-s  .•«  cTr  ‘*r,*  .  then 

corsid--^'io”-  -  r  '  ■"/  under 

cons4.a - o-i,.  ..r-.,  ^  lOu  pourac.  i^s  nroced.jre  gave  the  total 

energy'  available  :cr  r.rope-ling  -.ue  decoy  weight. 


deco. 


'^.ject.ioa  velocity  for  a  particular 
..  ^e-g..  -  ,  „h5  .  cllo-J'.  g  .  c;':.r.l  >  was  ased: 


Pr  'To'-ol  Scergy  -  v;>  Xl/12) 

""  Vl.  ~ 


(2) 


wnere ;  rotal  Eaerny  r.t.:c  fro;:.  Figur*^  2* 

V.’-  -  ‘./eight  o:  decoy  to  be  ejected 
=  Stroke  (in. ) 

G  =  acceleriitior.  due  to  gravity 

«ir,h  ii  Strohe  of  5.7S  Inches,  supnlies  n 
‘'“r  =  eo-po^d  decoy. 

-ne  uu^arn  ver^.i-.cu  vr.lo-':-.y  give-  to  the  decoy  is: 


7  .  y  ^60  (3.72/12)1 

2S2  Ft/sec 

throsters  listed  In 

vSici^;  i;.l4u.-:  i:“  “  p=;°j«tiie  weight  vs 


iOIILE3.S  LAJI'ICHERS 


General  Design  Studies 

and  veloFtJf'!  ''F  p“'8" 

be  obtcinea  h'^  ^  a  7“  ■'"'  ■*■.  ‘^thoogh  an  increase  in  performance  can 

be  obtained  by  modifying  tne  propeiiant  charge.  Eeactionless  launchers 
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REACTIOIILESS  LAUNCHERS 


(a3-iLi[)  XOHaMa  TVDIiJVHOaW 


S?D 
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•H-r< 

cc  V( 
toe  o 

JIC  (-1 

oo 

.Q>a) 


COOJ 

0)0) 

as 
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are  capaWe  of  a  kucIi  greater  range  of  perI*on2ance  than  standard  CAD 
and  it  is  moi-e  likely  that  the  two  decoys  will  be  ejected  simultaneois- 
iy» 


Like  a  Da.vis  0-j::  a  raac--ioiilc-3S  Imwcher  is  essentially  a  tube 
contaiTuag  a  coa'vroUy  placed  charge  of  propellant  for  simultaneous 
ejec  io.j  o;  mavises  iva::  conh  ends.  The  net  reaction  is  z<*ro  if  the 
vector  su::;  of  the  ;:o::oni.a  of  t!;e  ejected  siMses  (the  decoys)'is  zero, 
reaci-ionloas  laicicher  is  she'..*:,  ir.  i'igure  3. 

c-'  ir'iii'n  considered  in  this  studv;  full-caliber, 
and  spigot.  A  full-callbor  design  is  one  in  which  the  bore  diameter 
01  the  lau'icter  tube  is  the  somo  as  the  largest  diameter  of  the  decoy 
package.  ..  spigot  design  is  one  in  which  the  bore  diameter  is  smaller 
tnan  the  larges.-  dii-cr^  ter  o.  tr.e  aecoy  package.  Both  tyoes  are  shown 
in  ."igure 


Desi;7n  ivr.d  Salliatie  Parameters 

ien..a..ive  design  parameters  for  the  launcher-decoy  nackage 
system  were  established  for  the  ballistic  analysis.  The  dimensions 
selected  were  considered  to  be  within  a  range  reasonably  adaptable  to 
tnose  missiles  for  which  decoy  installations  are  now  being  considered. 

Dimensions  oi  a  .mazlmam  diameter  of  12  inches  and  maxirnun 
length  Oi  12  inches  were  selected  for  the  decoy  package  when  used  with 
a  spigot  design  (figiire  5).  For  a  projectile  to  be  launched  by  a  full- 
caliber  design,  a  •maximam  diameter  of  6  inches  and  a  maximuni  length  of 
20  inches  were  chosi.-  'Fig;:re  5).  Th.e  length  of  the  overall  launcher- 
decoy  system  was  evtablished  at  pS  inches.  This  permitted  a  launcher 
tube  lengtn  c:  31  inenes  for  a  spigot  design,  and  53  inches  for  a  full- 
celioer  design.  _he  maximan  bore  diameters  were  established  at  6  inches 
and  o  inches,  respsetiveiy, 

the  basis  of  prior  experience,  the  following  values  were 
selected  ior  the  ballistic  parameters: 


Piezometric  efficiency  (/I)  - 
Expansion  ratio  (E)  - 
Ballistic  efficiency  (n)  - 
Bore  pressure  (P)  - 


-  O.L 

-  4.0 

-  0.3 

-  2000  to  10,000  psi 


The  piezometrio  3.rficien.cy  is  a  measure  of  the  flatness  of 
t  .e  pi essui'e- stroke  curve  --  the  ratio  of  the  mean  pressure  to  the 
peak  breech  pressure  during  the  acceleration  of  the  projectile.  For 
a  closed  breech  gur.,  the  piscometric  efficiency  is  about  0.5.  How¬ 
ever,  a,  lower  value  is  indicative  of  better  velocity  uniformity*: ' 
therefore,  a  value  of  O.’l-  was  chosen. 


^pp.  142 -143,  Corner, 


Theory  of  the  Interior  Ballistics  of  Guns. 


8 


REACTIOHLESS  LAUIJCHERS 


36.231.S0364/ORD.60 


Figure  4.  Full-Caliber  and  Spigot  Designs 
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I'igure  5-  Dimensions  foi-  Full -Caliber  and  Spigot  Designs 
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REACTI0/JLE3S  MUNCilERS 


An  e>:pansion  ratio  of  J;.0 
havinc  pieao;;:otric  officioncy 
by  ex])a!ision  ratio.)  A  ballis 
expansion  ratio  of  4.0'. 


was  selected  as  characteristic  of  guns 
of  0.4.  ("igure  6  shows  what  is  meant 
tic  efficiency  of  0.3  is  typical  for  an 


sys  te.'. 
0!)tir.ic:: 


The  cha 
to  bo  used 
boro  pres: 


■.ber  pressui'o  range  depends 
•iallLstic  systor.s  “‘.ay  bo 
are  ranges  as  follo’-.'s: 


upon  the  type 
characterised 


of  ballistic 
by  their 


Direct  sys  to;:. 

::irh-low  sy.sto:: 
Cor.iprossod  gas  syste:." 
’.ochaiiicai  sy.ste:: 


--  2C00  to  10,000  psi 
--  500  to  2C00  psi'-* 
--  J.00  to  poo  psi 
--  loss  than  ICO  psi 
( on ui valent) 


velocity  as 
(see  .'iguro 


direct  syste;.;  i 
a  direct  ros;dt 
V).  for  this 


s  one  in  •..•hie 
of  pres3^.:re 
ir.d  oi"  syste::; 


h  the  projMCtile  acG^uires  its 
fro:.':  the  burning  propellant 
,  bore  press-are  li:.iits  of  2000 


36.?3i  ..<^0305/001). 60 


2Ll=  X.  t  Xi 
X  Xi 


Figure  6. 


Sepansion  Ratio 


P*  145,  Corner 

-  or  2000  CO  10,000  psj.  gas  pressure  in  the  combustion  chami’oer 
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36.?3l.S08?i/onD.60 


Pfopollanl. 


1 

1 

S 

K 

1 

lOjtClilA 


Direct  System 


PtMictPiCt 


Blaedor  Holei 

tORlFlc|] 


P  >  P, 


Hi«h  .  Low  System 


Fi/^ure  '{.  iilrcct  and  ;:if;b-Lov;  Sysnerr.s 


to  10^000  p3i  ijivcs  ccotcr  assurance  oL' 
pellanu  burnin;:  ac  cold  cc:."perauures .  ; 

cha.-bcr  pressure  belov  1C,  GOO  psl  keeps 
vithin  bo'onds. 


uni  for;',  operation  and  cood  pro- 
'urther.iore,  ;.".aintainin2  the  hirrh 
sca3,ir.^  and  erosion  problo;..s 


in  a  hif;,h-lov;  oailist.ic  s’'GtOM,  there  is  a  vent  (or  vents) 
set’./een  the  cha-r.ber  in  uhich  the  propellant  is  burned  and  the  bore 
0.  the^  f'in,  so  that  tiie  pressure  in  the  co:..bustion  chaTiber  is  hi?rher 
ohan  one  pressure  in  the  bore,  i’nis  better  ipnition  and  {greater 

resularity  of  burning  in  a  low-auzzle-energy  gun.  Figure  7  shows  a 
high-low  systen,  A  high-to-low  pressiu-e  ratio  of  four-to-one  as  a 
)riini!.!U,T,  and  five-to-one  as  a  ;;;a>:i..;u;.i  was  considered  reasonable,  based 
on  prelininary  high-low  syste.t  studies  of  other  weapon  systems 


A  ininimu;!!  of  500  psl  v;as  selected  for  the  low-uressure 
chamber,  corresponding  to  2000  psi  in  the  high-pressure  chamber. 

% 

See  for  example,  A  Theoretical  Interior  Ballistic  Study  of  Kecoil- 
les£  III  gh  -  Low  -Pressure  Coins ,  Frankford  Arsenal  Report  R-15i3". 
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A  coapressed  gas  system  could  also  be  asecL  with  bottled  gases 
such  as  :002).K2>  or-' compressed  air  .  A  mechonidal  syaten  Vould'-use 
springs 'to  propel. the  decoys. 

Assuming  that  the  launcher  tube  will  be  parallel  to  the 
earth's  surface,  then  only  the  kinetic  energy  need  be  considered.  The 
defining  equation  is: 


KE  «  ^  Pi  A 


Xl 

12 


The  press'-ii-e  is  a  function  of  the  bore  diameter: 
he  KE 


(3) 


ih) 


where:  D  ■  Bore  diameter 
Full~Callber  Designs 

The  aforementioned  as8uii5)tions,  definitions,  and  equations 
were  used  to  calculate  for  full-caliber  launchers  of  4-,  6-,  and  8- 
inch  bore  diameters.  The  data  are  tabulated  as  a  function  of  the  decoy 
weight  and  its  velocity  in  Table  II.  (Tables  II,  III,  IV,  and  V  in 
Appendix  II  list  peak  pressure  vs  velocity  for  the  various  reactionless 
launcher  configurations.)  The  peak  pressures  for  each  of  three  types 
of  ballistic  systems  are  shown  in  the  table. 

Table  II  indicates  that  a  launcher  with  a  4-inch  bore  diameter, 
an  e^roansicn  ratio  of  4,  and  a  direct  ballistic  system  would  eject  100- 
pound  decoys  at  110  to  200  fps,  A  high-low  system  would  eject  these 
decoys  at  60  to  100  fps,  and  a  compressed  gas  system  would  eject  them 
at  velocities  of  30  to  50  fps. 

Since  it  is  relatively  easy  to  decrease  the  expansion  ratio 
by  positioning  the  decoy  farther  out  in  the  laxmcher  tube,  the  expansion 
ratio  was  lowered  to  2,  and  the  effect  on  the  spread  of  the  weight-veloc¬ 
ity  range  was  determined.  Table  III  shows  how  lowering  the  expansion 
ratio  to  2  would  decrease  the  weight-velocity  range. 

Figure  8  shows  the  kinetic  energy  as  a  function  of  bore 
for  55-luch  full -caliber  launchers. 


area 


LAUNCHER  LENGTH.  55  INCHES 
EXPANSION  RATIO  4 
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Figure  8.  Kinetic  Energy  as  a  Function  of 
Bore  Area  for  a  Full -Caliber  Design 
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Spigot  Designs 


The  ajsuaptioas  discussed  previously  also  were  used  to  deter- 
niine  pressmres  for  a  spigot  lauaohor  design,  A  closed  spigot*  with  a 
total  stroke  of  11,5  inches  was  assuaged.  The  pressures  were  calculated 
for  diameters  of  0,5/  1,00/  2,25/  ^••/  sod  6  iuches/  and  tabulated  in 
Table  IV,  This  table  is  sucaarized  in  Figure  9, 

The  propellant  charge  necessar;.'  to  eject  two  decoys  at  a 
desired  velocity  was  calculated  using  the  following  ecuation: 

c  .  ^  ^ 

where  F/y  -IJ-s  the  propellant  potential  (assuned  to  be  1.46  x  10^ 
ft-iyib),  Tna  charge  equation  is  derived  fron  T;he  definition  of 
ballistic  efficiency: 


Total  KE 

(Charge)  (Poteazial) 


2  KE 

c(h) 


Since  there  are  two  proJecTiileS/  the  total  kinetic  energy  is  twice  the 
kinetic  energy  of  one  projectile. 


Specific  ijesign  Study 


Assumptions 

Upon  completing  the  general  ballistic  analysis  of  55-inch 
launcher  systems/  an  analysis  vas  made  of  a  la’oncher  with  the  shorter 
tube  length  of  31*5  inches.  This  la^mcher  was  to  ejecn  25-T)ound 
decoys  at  250  fps. 

Essentially/  the  same  assunrotions  relating  various  ballistic 
and  design  parameters  and  ballistic  equations  used  earlier  were  also 
used  for  this  analysis.  They  are: 

(1)  The  web  size  is  small  enough  so  that  the  charge  is 
completely  burned  before  the  decoy  novas  appreciably. 

(2)  The  ballistic  cycle  time  is  so  short  that  the  loss 
in  energy  due  to  heat  transfer  is  negligible.  Friction  also  is 
neglected. 


A  spigot  is  that  part  of  the  projectile  which  fits  in  the  launcher  tube. 
If  the  end  of  the  spigot  is  closed/  the  design  using  this  spigot  is  re¬ 
ferred  to  as  a  closed  spigot  design.  Conversely,  if  the  end  is  open/ 
the  design  is  referred  to  as  an  open  spigot  design. 


DECOY  LAUNCHER  BALLISTIC  CALCULATIONS 


15 


LAUNCHER  LENGTH  31  INCHES 
EXPANSION  ratio;  4 
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(3)  During  the  ballistic  cycle,  the  uropellont  gas  be¬ 
haves  like  an  ideal  gas  undergoing  an  isentropic  expmsion. 

i‘i)  heats  are  constant  during  the  ballistic 

cycle.  Covolune  erfccts  are  negligible. 

,  -aero  ir.  no  pressure  gradient  or  tennerature  gradi- 

env,  behina  tae  base  or  the  donoy^  a::A  energy-  apnearing  as  kinetic 
energy  oh  tne  propellant  gases  is  negligible. 

Pieto.'”'; tri  c  ivl' Ci  c i  en«i 

expr-'ss'.o..  Tor  niet-.onetric  elTiciency  os  a  function  oi" 
the  expansion  ratio  cur.  be  obtained  as  follows.  Consider  that  the 
propellant  gas  is  e:\.  iaeel  gat:  wbiah  fc:q)ands  adiabatically. 

Then:  p.  v./  »  ?.  (gj 

The  work  done  by  such  an  ide:J.  gas  vi^h  constant  snecific  heats  is: 

„  .  vr  -  ?i  Vj 

"  ■  i2  (1-yj  (7) 

which  can  be  rewritten  as: 


?-->  y,-. 


Pi  ^i 


I'i 


3y  definition. 


V, 


Therei'ore,  / 


(7a) 


and  from  equation  (6j: 


Pi 


Substituting- this  eq-aation  i:a  equation  (7a)  gives: 

-  1)  Pi 

iTTr~~fT 


w  =  ^  “  1)  Pq  Vq 


(8) 
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Piezonietric  efficiency  is,  by  definition,  the  ratio  of  the 
mean  accelerating  pressure,  ?,  to  the  peak  pressure  (which  is  assumed 
to  be  the  initial  pressure,  ): 


fL  = 


p 


(9) 


a:’d  mean  pressui*o,  by  definition,  is: 

P  = 

ft.  V 

where  P  is  tht?  operating  pressure.  So, 

?  d  V 


A=/ 


^i/ 


d  V 


i.'ow,yP  d  V  is  the  work  done,  and  Piy  d  V  is  the  same  as  (Vf  -  V^); 


therefore. 


/  P  d  V 


12  w 


P, 


'i/dV  Pi  (Vf  .  Vi) 


But,  from  equation  (8), 

V-  ::  1)  ?i  Yi 

12  (1  -r  1 

t 

and  substituting  for  V;, 

1)  Vi 


SO  that: 


Vi 


U  -7)  iVr  -  Vi) 

1  1 


Vj.  -  y,  Vr  E  -  1 


(10) 


Substituting  in  equation  (10 )  gives: 

U  -  ••  1) 

^  II  -  f  )  (E  -  1) 


ChfUiging  the  signs. 


1  -  E^-^ 


“jr-  1)  (E  -  1 


Ir  - 1)  (E  - 1) 


(lOa) 
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Equation  (lOa)  was  used  to  plot  the  piesometric  efficiency 
V3  expansion  ratio  for  an  assumed  ratio  of  specific  heats  of  1  La 

ratio  of  -^.O  is,  associated  with  a  piezometric  efficiency  dt  0.4.  It 
is  also  apparent  that  reasonable  values  of  piezometric  efficiencv 
bounded  by  0.3  and  0.65  for  expansion  ratios  of  5?^ ^d ^sJecT 

Propellant  Charge 

f  ^  “^P^^sioc  I  or  the  required  propellant  charge  weight*  as 

a  function  oi  expansion  ratio  con  be  derived  as  x'ollows.  If  it  is 
assumed  that  the  entire  energy  developed  by  the  burning  pronellant  is 

trMsfeiTrt  to  tho  projeetue  lo  the  font  of  kinetic  efe^^  MSSti™ 
(3)  for  kinetic  energy  is  valid:  energy,  equation 

KE  -  AA  Pi 


12 


P;  \l.  a  22  Q  y 
where:  Vi  ■  2  A  Xi 

Substituting  for  in  equation  (11)  and  solving  for  Pi  gives: 

6  C  F 


‘^i  - 


A  Xh 


(11) 

(12) 

(13) 


Now,  substituting  for  ?i  in  equation  (3): 


KE  =  Xl  C  F 
2  A  Xi 

and  solving  this  for  the  charge  weight: 

C  .  2  KE  Xi 

/^r  (14) 


But,  the  expansion  ratio,  by  definition,  is  the 
volume,  Vf,  to  the  initial  volume,  Vi,  and  this 


ratio  of  the  final 
ratio  is  the  same  as 


’'■It  must  be  imderstood  that  the  charge  weight  is 
customarily  expressed  in  grams. 


actually  mass  and  is 


tjii 
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Figure  10.  .  Piezometric  Efficiency  as  a  Function  of 
Expansion  Ratio 
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the  ratio  of  the  distances  along  the  cylinder  (Figure  6), 
_  V.  _  XL  -f  Xj 


E  =  JL  = 


So, 


^  +  1 
^i 


or 


H 


E  -  1 


Substituting  for  Xi/Xl  in  equation  (14), 
tion  of  the  expansion  ratio  becomes: 


the  charge  weight  as  a  func- 


r  -  2 

^  ■  /U,F  (E  -  1}  (l4a) 

This  is  changed  to  its  final  fora  by  substituting  equation  (lOa)  for 
piezomctric  efficiency.  \ 


C  =  2  K£  (r-  1) 

"  ["  ■  (^)] 


(15) 


Propellant  charge  weight  vs  expansion  ratio  is  shown  in  Figure 
11  lor  certain  paraneters  whose  values  are  given  on  the  graph.  From 
this  graph,  it  is  apparent  that  lower  expansion  ratios  reouire  increas- 
ingly  larger  charges,  which  multiplies  ignition-  problems. 


Ballistic  Efficiency 

An  expression  for  ballistic  efficiency  as  a  function  of  the 
expansion  ratio  can  be  derived  as  follows. 


The  definition  of  ballistic  efficiency  is: 


V 


total  Kinetic  Energy 
propellant  energy 


■ 


2  KE 


(16) 


Substituting  the  expression  for  propellant  charge,  equation  (I5).  an 
e^^ression  for  ballistic  efficiency  as  a  function  of  the  expansion 
ratio  is  obtained: 
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1  ■  -7^  (17) 

A  ourvo  for  'f  =  1.25  is  show,  in  I'igure  12.  From  this  graph, 
It;  is  cvidor.t  that  halliotiic  erficiency  falls  off  sharply  as  the  ex- 
paJision  ratio  is  deci**assd. 

ri’opellant  Inarms  aiid  Velocity 


i'T.  o‘.<i:res.siori  for  propellant 


of  decoy  voig};t  as  a  function  of 


veloci 


charge  weight  in  grams  per  pound 
ty  can  be  derived  as  follows: 


Using  equation  (I6),  a.nd  substituting  the  expression  for 
kisietic  energ./, 


1 

KE  = 


(18) 


a.n  expression  for  propellant  charge  weight  per  pound  of  decoy  weight  is 
obtained  as  a  fu-cction  of  velocity: 


(19) 


with  C  expressed  in  gra:ns. 


Figure  I3  shows  a  curve  with  which  the  propellant  charge 
weight  required  to  eject  a  pair  of  decoys  of  any  weight  at  any  desired 
velocity  cai:  by  estimated,  fll  that  is  necessary  is  to  locate  the 
desired  velocity  on  the  curve,  and  to  invJLtiply  the  ordinate  value  for 
this  point  by  t-ie  weight  of  one  decoy. 

for  exaiiple,  the  100-fps  line  intersects  the  curve  at  0.3 
grain  of  charge  per  po’und  of  decoy  weight.  Miltiplying  this  by  the 
weight  0?  one  decoy;  0.3  x  5  -  1.5  gi'a.T.s,  Therefore,  I.5  grams  of 
charge  shoul.d  be  sufficient  to  eject  two  5-pound  decoys,  simultaneous¬ 
ly,  each  at  100  fps. 

Closed  Spigot  Design 


Figure  l^:-  shows  open  and  closed  spigots  with  equivalent  ex- 
ijfiiision  ratios.  The  closed  spigot  fills  only  part  of  the  launcher 
tube.  Consequently,  the  combustion  chamber  volume  is  the  internal 
volwne  of  the  launcher  tube  beyond  the  end  of  the  spigot,  and  the  ex¬ 
pansion  ratio  is  equivalent  to  the  ratio  of  the  tube  length  to  the 
combustion  chamber  length.  The  open  spigot  fills  the  entire  launcher 
tube,  but  has  w.  open  end  and  a  thick  wall.  The  combustion  chamber 
volume  is  determined  by  the  thickness  of  the  spigot's  wall  and  the 
location  of  its  base  place.  The  expansion  ratio  is  equivalent  to  the 
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I 

•J6..?3l  .SO?Bl  'ORD.OO 


(RATIO  Of  SPrCiflC  MEATS  •  0  •1.751 


Figure  12,  Ballistic  ;-:‘:'iclency  as  a 

ratio  oi'  t.-;e  volu-.-.e  o.  the  launcher  tube 
cr.en  end  of  the  spigot. 

i'lie  pea/,  pressure  vs  expansion 
can  be  derived  as  .■ollous.  T.ne  length,  o:' 


F'uncticn  ol  iapansion  P.atio 
to  tr.e  internod  volux.'.e  oi'  the 

ratio  Tor  a  closed  spigot  design 
the  tU'je  is  (see  Figure  p); 


tuce  lengt.i  =  stro.-;e  length  +  initial  char.'iber  length 


oO, 


'■J. 


•"•T 


•i  I  a 


Tlierefore; 


Xl  =  (S-1) 
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BALLISTIC  SrPlCIEHCY  =  0.5 
PROPELLANT  POTENTIAL"  1.46  »  10* 


Ratio  of  Charge  Weight  per  PoLind  of  Projectile  V/eight 
as  a  Function  of  Velocity 
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Froa  equation  (lOa), 


1-  iiTT 


(e  -  i;  K'S-I) 

Substituting  i'or 

KE.-  J-'-jg 

ijos  ir- 1) 


(3c) 


Sol vine  for  ?|, 


|^(h:E)  (^-  1) 


Open  Stigot  Dooirr-i 


(20) 


In  an  open  spigot  design,  the  spigot  occupies  the  entire  length 
oi  the  tune.  Consequently,  the  tube  length  is  the  same  as  the  stroke 
length: 


X-M  =  Xg 

So  equation  (lo)  becomes: 

ilE  »  ?i  A  'JT 
12 

Substitiitir.g  Tor  A, 

v,p 

TmLj  •*  ^  * 


•id 


Froa  equation  (lOa), 


1  -  g?"-! 

-  ij  (r- 1) 

Substituting  £qtM' 

?  ^  o' 

KE’  = 

iki  (E  -  Ij  (^  -  1) 

Solving  for  Pq, 

t)  - 

48  (KE)  (E  -  1)  (r-  l) 

Pi  - 

d2  x^,  fi  ..  iferj 

(21) 
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Bqtutttions  (20 )  and  (21)  are  plotted  in  Figures  15  and  l6. 
Figure  15  shows  that  with  a  closed  spigot  design  the  peak  pressure 
is  a  rainiEura  for  an  expansion  ratio  o?  2.5.  Figure  l6  shows  that  with 
an  open  spigo-  design  the  pottk  pressure  increases  with  the  exnansion 
VJi'-io  tiz  an  lOn-ost  rate.  The  peal:  pressure  obtained  is  always 

less  for  an  open  spigot  with  the  sate  expansion  ratio.  For  exanjple, 
a  4-inch  diaretor  open  spigot  with  an  expansion  ratio  of  4.0  gives 
43-30  psi  peal;  press-jre  to  o.Juit  a  25-pound  projectile  at  250  feet/second. 
Under  the  sate  coi^iiticns,  a  closed  spigot  gives  6400  psi  peal:  pressure. 
A  choice  of  an  oper,  or  closed  spigot  design  would  depe::d  on  the  require- 
rr.e.'!ts  for  a  specific  syste::;. 


Launcher  '.Voight 


Since  the  lavuichor  weight  r.ay  be  a  critical  factor,  it  was 
ciilculated  for  both  open  and  closed  spigots  as  a  function  of  the  ex- 
par'.sion  ratio. 


Tnc  weig:;”  of  a  hollow  launcher  tube  can  be  expressed  as: 

V.';  =  2/>7r  D  t  (22) 

where  D  is  half  the  sur.  of  the  external  and  internal  diameters,  and  t 
is  half  the  difference.  'Fne  "2"  occurs  because  there  are  two  tubes. 

Tne  tensile  stress  on  a  thin-walled  cylinder  as  a  result  of 
internal  gas  pressure  is  cavimonly  expressed  as: 


<r 


a. 


'i  D 


(23) 


Tnis  Ccui  be  rewritten  as: 

t  = 

2  or 

Substituting  this  expression  in  equation  (22)  gives: 

r.  Fi  X'f 


(23a) 


(24) 


Substituting  equation  (20 )  in  equation  (24)  gives  an  expression  for 
the  weight  of  a  closed  spigot  system  in  terms  of  E: 

.  hP  (KS)  E  (/-I) 

o-(i-ik) 


(25) 
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Substituting  eauation  (21)  ia  eauation  (24),  an  expression  for  the 
weiga^  of  an  open  spigot  system  is  obtained  in  tersis  of  E: 


- 


-  1)  (y-  1) 


(26) 


X  .  .  .  •  ^  :-r.d  18  show  cvirves  of  launcher  ».-eight  vs  expan¬ 

sion  rauio  j  or  xaur.oaers  of  steel,  alusunum,  or  titaniuei.  These* 
curves  ai-e  similar^to  the  ciur/es  for  peak  pressure  as  a  function 
expansion  rigura  ly  sho\.-3  r.hat  for  a  closed  spigot  design  the 

launcher  weight  is  a  minicru:.  for  an  exi^ansion  ratio  of  1.5.  ^^^18 
f  open  spigot  design  the  la-oncher  weight  Lcreases 
io..  oLe  expansion  ratio  at  an  almost  unifom  rate.  The  launcher 

clnSon'rSo!"  ''  *"" 


Acceleration 


j-n  expression  for  acceleration  as  a  function  of  the  exoan- 
cte  ratio  00.1  to  obtaliod  as  rollovs.  It  Is  oostton  onglDeerlM 
procuice  oo  express  maiimum  acceleration  for  a  projectile  hurled 
iro!n  a  (jun  as: 


D.  L 


(27) 


oubscituting  for  from,  eouation  (20 ), 

^  ^  45E  (U)  (^.  1) 

'■'t 

But,  4  A  =  TfTy- 

So,  ac'jei.eration  for  a  closed  spigot  system  is : 
.  12E  (K.E)  (/-  1),. 


Xg. 


eT^] 


(28) 


+  1  expression  for  acceleration  for  an  open  spigot  sys¬ 

tem,  substiwuce  for  in  eeiuation  (27)  from  equation  (21): 


a  = 


12  KE  (E  -  1)  (7-  iV 


Wg 


6  (  1  “■  — i— \ 

■'A  .  E.3^-i)  • 


(29) 


wriDnP  rfl[niitSfc+ 
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La'jncher  Weight  as  a  Function  of  Expansion  Ratio 
for  a  Closed  Spigot 


gure  17. 
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Figure  I9. 


Peak  Acceleration  as  a  r'ur.ction  oP 


Fxpansion  Ratio 


■  The  resulting  curves  are  plotted  in  Figure  I9. 
closed  spigot  has  a  miniinujTi  peal>  acceleration  ai;  PJ ^>5 
acceleration  IS  directly  related  to  the  pea;^;  pressures?'  ' 
.oi.  course,  sripvs  subste.ntially,  lov/er  acceleration,  since 
lower  pressures  and.-.has  a  longer  stroke.'- 


/•-gain,  ohe 
,  since  the 
The  open  sni 
it  operates 


a 


COKCLUSIOnS 


34 


COKCLUSIONS 


In  i;;  oonclucfjd  th.' 
ontiroly  i’ei’sible.  wi;;h 
vcloeiny  riai^je. 


•u  o!i(i  vxio  oi  sns.HQ.tuxi  CAD  Gs  clscoy  iGunchsrs  is 
er^a  pGi-nic-ult'r  unit  covering  a  certain  weight- 


xiie  o.  a.  r.*ticx:’tioal^ss  iauiicher  to  cover  ary  specific 


ftOi[;uT:-velocis>y  coinoinar.ioa  is  possible  for  the  ranges  tabulated.  This 
laiu’che:-  coid.l  be  either  spigot  or  full-caliber,  depending  on  the 
woignt- velocity  range  liesirod.  It  was  concluded  that'  the  use  of  a 
high -low  ballistic  spigon  system  is  not  desirable  where  a  smaller 
caliber  direct  system  o-n:  be  used.  If  launcher  weight  or  the  G  load¬ 
ing  on  the  decoys  is  critical  and  a  spigot  design  is  used,  the  open 
spigot  will  give  reduced  values,  in  which  case,  the  use  of  a  high- 
low  ballistic  system  may  be  desira'ole. ,  In  fact,  the  pressures  nay 
become  so  low  tha^  the  use  of  compressed  gas  or  a  mechanical  system 
is  roco:;m:ended.  Sau.il  or  greater  launcher  weight  savings  can  be  ob- 
tainea  by  choosing  alamin-cm  or  titanium  over  steel. 


PiX^a'd-SIDATIOIiS 


It  is  recommended  that  the  analytical  methods  developed  in  this 
si^udy  be  made  available  to  those  groups  within  govern-ment  and  industry 
wno  are  designing  decoy  la-ano'cers  or  other  package-ejecting  devices 
:or  u'se  on  missiles. 
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APPENDIX  I 


.  APPENDIX  I 
■  Li^t  of  Symbols 


A 

— 

Cross-sectional  avoa  cj 

C 

-- 

Cliargo  voiglr-;  (g.vaas) 

D 

-- 

Dianeter  of  '.:c.vo  (ir.. } 

E 

-- 

Expansion  ratio  (dinerj 

F, 

-- 

Potential  of  propellani: 

G 

— 

Acceleration  in  g  in'.ib;- 

E 

— 

Acceleration  dv.o  to  grs 

Pi 

— 

Initial  pressf.va  (assufi: 

Pf 

— 

Final  press’v.-s  (ib/in.^’ 

T 

— 

Tnickness  of  laimi^er  t 

Vi 

— 

Initial  volitre  of  laiuc: 

Vf 

-r 

Final  volume  of  iaunfee; 

V 

Velocity  of  pro.ieetile  i 

Wl' 

P:':)peU.od  veiglit  (lb) 

Wt 

— 

Weight  of  decoy  pavjkage 

V 

Work  done  in  adiabatic  c 

-- 

.  Initial  length  of  lairio'.' 
combustion  chamber  (i:: 

Xl  . 

Length  of  stroke  (in.' 

XfF 

.L 

-- 

Length  of  launcher  tube 

'n 

-- 

Btaiistio  efficiency  (di 

7 

Ro.tio  of  specific  heats 

a 

-- 

Piazometric  efficiency  ( 

? 

Density  of  launclier  tube 

r 

-- 

Yield,  strength  (ib./in.^) 
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APPENDIX  II 

Tables  of  PGaK  Pi’cssure  vs  Velocity 
for  Reactidaiess  Launchers 

Tables  II,  III,  IV,  and  V  list  peak  pr^cssure  data  for  reactionleos 
launchers  at  various  velocities.  The  data  is  tabulated  for  the  various 
iUll-caliber  and  spigot  configiu*ations,  with  data  on  each  type  obtained 
for  several  different  bore  diameters. 


— -.-nmnR*-!- 

■UJ  »  -  ns^i  ii.iiitl- 

till, 


Table  HI.  Peak  Pressures  for  FuU-Caliber,  Direct  System,  ReacUoiiless  Launchers 
(Lengtli  -  55  in. ;  Stroke  -  13.75  in. ;  E.Kpansion  Ratio  -  2) 
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90  820  1500 
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